Nanocomposite materials refer to those materials whose reinforcing phase has dimensions on a scale from one to one hundred nanometers. In this study, the nanocomposite biodegradation of the phenol Novolac epoxy and the unsaturated polyester resins was investigated using the egg shell nanoparticle as bioceramic as well as starch and glycerin as natural polymers to modify their properties. The phenol Novolac epoxy resin has a good compatibility with the unsaturated polyester resin. The prepared samples with different composition of materials for specified time were buried under soil and their biodegradation was studied using FTIR and SEM. The FTIR results before and after degradation showed that the presence of the hydroxyl group increased the samples degradation. Also adding the egg shell nanoparticle to samples had a positive effect on its degradation. The SEM results with and without the egg shell nanoparticle also showed that use of the egg shell nanoparticle increases the samples degradation. Additionally, increasing the amount of starch, and glycerol and the presence of egg shell nanoparticles can increase water adsorption.
Introduction
Nanocomposite materials referred to those materials whose reinforcing phase has dimensions on a scale from one to one hundred nanometers, such as polymer-ceramic, polymermetal, ceramic-metal, and ceramic-ceramic nanocomposites. A nanometric reinforcer, due to the very small dimensions and very high surface compared to the conventional reinforcers, improves the desired properties at a lower load level and is a good alternative to conventional composites. Epoxy resins were discovered and recorded in Germany in 1980 [1] . Epoxy resins are an important class of polymeric materials that are characterized by the presence of three-member ring containing epoxy, epoxide, and Ethoxylate. The epoxy resin that is formed as a multicomponent polymer network is built from the internal cross-linked polymer chains [2] . The Novolac phenol epoxy is able to mix and adapt with unsaturated polyester and it is found that, after mixing and annealing (sintering), the strength and impact resistance of the resin increases considerably. The first reason of epoxy resins compatibility with unsaturated polyester resin (UPR) is their polarity [3, 4] . The terminal hydroxyl and carboxyl groups in UPR lead to increasing the chain length and crosslinking (length) during the curing process of epoxy resin, as a catalyst. The hydroxyl groups formed in this reaction are able to react with epoxide groups [5, 6] . Products prepared from polymer nanocomposites have many applications at various industries such as chemical, automotive, construction, military, medical, home appliances, sports, agriculture, and electronics and these reduce the fuel and energy consumption, increase safety and resistance against earthquakes and fires, extend the life of structures, reduce losses caused by storage of food and agricultural products, reduce losses due to corrosion, and briefly can lead to an efficient use of existing resources [7, 8] . However, despite having numerous applications of polymer nanocomposites, disposal of their waste can cause serious damages to the nature and environment, as well as affecting the costs which can lead to a serious challenge for polymer industry. For the first time in 1973, starch was introduced by Griffin as an effective additive to make plastics biodegradable [9] . His subsequent researches showed that using starch can be an acceptable way to increase the biodegradation of polymers [10] . The main reasons that make the polymers nonbiodegradable (for nonbiodegradation of polymers) are their high molecular weight and the strong bond between their monomers. Nowadays, various kinds of biodegradable polymers are identified and their number is increasing day by day [11] . The biodegradable materials are the materials that are easily decomposed to their subblocks by the action of microorganisms and do not remain in the environment. Biodegradable polymers are macromolecules that undergo chemical modification by physical-chemical factors and microorganisms, resulting in the formation of lower molecular weight components [12] . Recently, extensive studies are investigated for preparation of polymer blends containing various amounts of starch to replace them with polymers, especially in the packaging industry [13] . Starch is a natural, cheap, renewable, and biodegradable material and also a kind of natural carbohydrate that is formed from the branched-amylopectin molecules and linear polysaccharide molecules called amylose. Adding starch to polyolefins applies the general effects of fillers which increase the resistance of polyolefins on the properties of polymers. When these compounds are exposed to soil, starch compounds, as the biodegradable components, are easily decomposed by microorganisms, leading to increasing the porosity and then to decreasing the plastic matrix resistance gradually and consequently to break the plastic matrix to smaller parts [14] . The objective of this study was to investigate the biodegradation of Novolac phenol epoxy resin and unsaturated polyester nanocomposites using natural polymers and egg shell nanoparticles. For this purpose, the morphological and structural properties of samples were analyzed by SEM and the biodegradation of the samples was also investigated by FTIR.
Experimental

Materials.
The phenol Novolac epoxy resin was purchased from COMEYL Company (Iran) and unsaturated polyester resin, methyl ethyl ketone peroxide, and cobalt naphthenate were purchased from the chemical industry company of Bushehr city (Iran). The mechanical and chemical properties of these materials are tabulated as polyester, methyl ethyl peroxide, or (hardener) cobalt naphthenate in Tables 1-3. Table 4 gives the properties of starch. Glycerol used in this study is an edible glycerol and was purchased from Mojallali Company (Iran), whose properties are tabulated in Table 5 .
Egg Shell Nanoparticles.
The eggshells were powdered by Ball Mill machine and then the size of egg shell nanoparticles was determined by solving them in an ethylene glycol Viscosity at 20 ∘ C 3 0 0 ( m P a ⋅s) Melting point Decomp. solvent. The size of the nanoparticles is obtained as 70 nm. Figure 1 shows nanoparticle size distribution of the egg shell.
Samples Analysis.
To evaluate the morphological and structural properties of materials, the Scanning Electron Microscope (SEM, Tescan VEGA-Π) system was used. In SEM, electrons collide to the surface sample that already is coated by a thin layer (usually gold) with an approximate thickness of 100-500 angstroms. To investigate the biodegradation of the samples, Fourier Transform Infrared Spectroscopy (FTIR) was also used.
Methodology.
Before preparing the samples, starch was placed in an oven at temperature of 70 ∘ C for 24 hr for removing its moisture. The dried starch and glycerol were then mixed with glycerol to starch ratio of 10 : 1. Loosening the starch with glycerol leads to improving the process ability and flexibility of the mixtures; phenol Novolac epoxy resin was mixed separately with egg shell nanoparticles for 15 min using a mechanical mixer. The phenol Novolac epoxy resin containing egg shell nanoparticles was mixed with unsaturated polyester, starch, and glycerol in different percentages of composition using Sonicator Machine. Phenol Novolac epoxy resin at room temperature was (sintered) cured (using methyl ethyl ketone and peroxide dimethyl phthalate containing 60 percent peroxide and reaction accelerator). Phenol Novolac epoxy resin contents were 5 and 10 and 15 weight percent. The characteristics of the samples are shown in Table 6 . The final sintering was performed at temperature 80 ∘ C for 3 hours. The mixture should be well stirred to obtain a homogeneous liquid. After sintering (curing), the samples were put in the oven at specified time and temperature. After the samples were accurately weighed, for a better penetration of moisture and microorganisms, the samples were buried in an appropriate depth. After 2 and 10 months, the samples were unearthed and washed with water and ethanol. Finally, the samples were dried in vacuum at temperatures of 40 ∘ C to reach a constant weight. 0 and are the samples weight before and after degradation, respectively. Then, in order to perform the FTIR test and microscopy investigation SEM tests (Figure 7 ) including test of samples 3 in Figure 7 (a) and 7 in Figure 7 (b), before and after the degradation, and to absorb the moisture, the samples were cut in specific sizes. The characteristics of the prepared samples are shown in Table 6 . 
Results and Discussions
Investigation of Water Adsorption of Phenol Novolac Epoxy Resin.
The results of water adsorption are tabulated in Table 7 . The results show that increasing the amount of starch and also the presence of egg shell nanoparticles can increase water adsorption. This increase is due to the hydrophilic property of nanoparticles and their uniform distribution in the polymer matrix. According to Table 7 , it can be concluded that the increasing of glycerol weight percent increases the water adsorption. Additionally, with comparison of samples 2 and 3, it can be said that the increasing of starch weight percent will increase the amount of water adsorption. The water adsorption percent can be calculated by
where 1 and 2 are the weight of the sample before and after process, respectively. Also, to show the effect of the egg shell nanoparticle on water adsorption of samples, diagram of sample water adsorption percent versus time is shown in Figure 2 . By comparing samples 4, 6, 8, and 10, it can be concluded that the presence of nanoparticles will increase the weight of the samples because of water adsorption. 
FITR Analysis.
Another way to confirm the biodegradation of the samples is to follow the created structural changes using FTIR spectroscopy. The presence of hydroxyl groups leads to increasing the samples degradation. To do so, Figure 3 shows the FTIR curves of samples 3, 7, and 9. Based on this figure, by increasing the number of OHgroups in the mixture, the absorption of hydroxyl groups is increased and so the pass percentage is decreased. Also, by reducing the number of hydroxyl groups in compounds with a low percentage of starch compounds, the absorption of hydroxyl groups is decreased considerably and the pass percentage is increased. In other words, by increasing the percentage of starch, glycerol, and egg shell nanoparticles in the mixture, the peak of the hydroxyl groups is increased 3500 3000 2500 2000 1500
Transmittance (%) in the wave numbers range of 3100-3600 cm −1 . In addition, the FTIR curves of samples 3, 7, and 9, before and after the degradation of the samples, are shown in 3800 3300 2800 2300 1800 1300
Transmittance (%) After Before 9 Figure 6 : FTIR curves of sample 9 before and after the degradation.
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SEM Analysis.
The surface identification and distribution of phenol Novolac epoxy resin, unsaturated polyester nanocomposites, egg shell nanoparticles, and natural polymers before and after degradation were carried out by SEM analysis. In the samples containing egg shell nanoparticles, starch, and phenol Novolac epoxy resin, which included unsaturated polyester resin, some differences can be seen (the bulge) at the fracture surface indicating a good connection between the egg shell nanoparticles, starch, glycerol, and polymer matrix. In samples 3 in Figure 7 (a) and 7 in Figure 7 (b), before and after the degradation, this difference is reduced and the surface is smoother and, also, mechanical properties are decreased by 4 wt.% with increasing the amount of starch and egg shell nanoparticles and decreasing glycerol. In fact, the optimal rate of egg shell nanoparticles, starch, and glycerol is obtained as 3 wt.%. By comparing the morphology of the compounds before and after the process, it can be observed in all cases that the polymer samples were attacked by microorganisms, and the degradation effects of soil microorganisms on samples were more at a high percentage of starch and low percentage of glycerol.
Conclusion
In this paper, the biodegradation of nanocomposite using the phenol Novolac epoxy and the unsaturated polyester resins was studied. The effects of a nanobioceramic (the egg shell nanoparticle) and natural polymers (starch and glycerin) on the water adsorption of nanocomposite samples and also biodegradation of nanocomposite samples under soil were investigated. The results cleared that water adsorption increased in presence of egg shell nanoparticles. In addition, to study the biodegradation of nanocomposite samples under soil, FTIR and SEM were used. Their results revealed that the existence of hydroxyl group increased the samples degradation. Additionally, adding the egg shell nanoparticle to samples had a positive effect on its degradation.
